a comprehensive management strategy for MDR-TB patients by providing a standardized treatment regimen based on common drug sensitivity testing (DST) profile of the prevalent MDR-TB strains.
INTRODUCTION
Multidrug-resistant tuberculosis (MDR-TB) has become a major public health problem worldwide and considered to be an obstacle for effective global TB control. [1] The management of patients with MDR-TB in India is being undertaken by the Revised National Tuberculosis Programme (RNTCP) under the Programmatic Management of Multidrug-Resistant Tuberculosis (PMDT), formerly known as DOTS-Plus. It is were among the notified cases of TB in 2015. [3] Among 79,000 MDR-TB cases, only 36% were diagnosed with suboptimal treatment success rate of 46%. Nearly 64% of cases remained uncovered leading to amplification of resistance in the community. Therefore, these large number of uncovered MDR-TB patients will have to consult private health sector for treatment. Another issue is that the standardized approach provided by DOTS-Plus programs in resource-limited settings has also confronted significant difficulties in the enrollment, diagnosis, and management of MDR-TB patients. [4] [5] [6] [7] Retention and adherence to therapy remains a major challenge in the treatment of MDR-TB patients as treatment course is expensive, is consisting of more toxic second-line drugs (SLDs), and is lengthy with frequent follow-up cultures. An innovative method based on the local availability of resources is required in order to be devised to address these unmet needs. A modified approach was introduced in order to support the existing national DOTS-Plus program by overcoming these challenges that are encountered in the management of MDR-TB cases. [8, 9] Therefore, the present study has been conducted to determine the treatment outcome in patients of MDR-TB with an alternative approach known as modified DOTS-Plus strategy at Lucknow, India.
METHODS

Study design and setting
It was a prospective cohort study performed among 132 consecutive patients of pulmonary TB referred from Lucknow and other districts of Uttar Pradesh (UP), India, between June 2009 and February 2010 to the Department of Pulmonary Medicine having an established DOTS center and the Department of Microbiology, King George Medical University, Lucknow, India, which is a WHO-recommended Intermediate Reference Laboratory certified by the RNTCP of India.
Inclusion and exclusion criteria
All patients provided informed consent before participating in the study. These patients were cases of pulmonary TB with proven culture positive for Mycobacterium tuberculosis and resistant to at least isoniazid (INH) and rifampin (RIF) and having age >18 years. Patients were excluded from the study if they had (1) non-MDR-TB pattern according to drug susceptibility testing (DST) results, (2) taken SLDs >1 month before confirmation of diagnosis, (3) pregnancy, (4) age <18 years, and (5) concurrent major medical or psychiatric illnesses at baseline. These exclusions were according to the RNTCP guidelines prevailing at the time of study. [8] Diagnosis Pretreatment investigations included sputum smear for acid-fast bacilli (Ziehl-Neelsen staining), culture for M. tuberculosis (conventional method using Löwenstein-Jensen medium) and DST (proportion method), complete hemogram, chest X-ray, renal and liver function tests, and thyroid profile. All patients were routinely tested for human immunodeficiency virus (HIV) infection before the initiation of treatment. The BACTEC method (Becton Dickinson, Sparks, MD, USA) for culture and DST for SLDs were also used whenever possible. DST for SLDs was performed when subsequent cultures after 6 months of treatment remained positive. Care was taken to interpret the culture results cautiously along with clinicoradiological data although our laboratory setup underwent regular surveillance for external quality assurance. The minimum inhibitory concentration of the first-line drugs and SLDs used was as follows: streptomycin 16 μg/ml, INH 0.5 μg/ml, RIF 128 μg/ml, ethambutol 8 μg/ml, pyrazinamide (PZA) 50 μg/ml, kanamycin (KM) 30 μg/ml, and levofloxacin or ofloxacin (OFX) 2 μg/ml. [10] Management protocol according to the modified DOTS-Plus strategy A committee consisting of clinicians (6), laboratory technicians (2), domiciliary DOT-providers (3), TB health workers (2), health educator (1), and microbiologists (2) was constituted at Lucknow center. One domiciliary DOT-provider from each DOTS center of 18 districts (Kanpur, Basti, Gorakhpur, Allahabad, Faizabad, and Varanasi divisions) was selected and also included in the committee. Operational guidelines as framed by the modified DOTS-Plus strategy were implemented in this study. Modified DOTS-Plus strategy is essentially DOTS-Plus Protocol of the RNTCP based on the WHO guidelines prevailing at that time with relevant modifications according to the Chennai consensus. [8, 9, 11] The protocol of the modified DOTS-Plus strategy is described in Table 1 . All members of the committee underwent 1 month of training regarding implementation of this strategy. Emphasis was given on training of all domiciliary DOT-providers and TB health workers in order to ensure adherence to treatment as well as to access adverse events (AEs) associated with antitubercular therapy. Sample collection of sputum for smear examination and culture inoculation were done daily on an outpatient department basis (excluding Sundays and other holidays). Prior intimation was given to patients for sputum sample deposition at a specified date in order to avoid inconvenience. Regular supply of consumable and nonconsumable staining and culture material was ensured at our established DOTS center. Regular supply of quality-assured drugs was also ensured in collaboration with the Central Tuberculosis Division Ministry of Health and Family Welfare, Government of India, and Uttar Pradesh State Tuberculosis Association. Care was taken to safeguard standardized quality of health care for patients. A subcommittee comprising two clinicians, one microbiologist, and one laboratory technician was framed and assigned to take care of this issue. This subcommittee continued to follow up patients with the prevailing DOTS-Plus guidelines of the RNTCP, particularly in terms of the frequency of culture monitoring, treatment outcomes, as well as monitoring of any AEs. This supervision was performed in order to detect any discrepancy in management with adopted the modified DOTS-Plus strategy as compared to the standard RNTCP guidelines.
Data analysis
Data were single entered on Microsoft Excel 2007 sheet, and the accuracy of the entry was verified against the original paper forms. The data were further checked for any errors and then analyzed using descriptive statistics. Provision of counseling and intense health education to all patients and their family members prior to treatment initiation and during all follow-up visits Counseling about the disease, DOTS-plus treatment, importance of treatment adherence, TB transmission, coughing etiquette, proper disposal of sputum, and use of contraception in order to avoid pregnancy during treatment and nutrition Encouragement to maintain personal hygiene and were asked to keep doors and windows open during day time Provision of opportunities to discuss about emotional needs and problems Counseling to family members to provide love and care to the patient Motivation of patients and their family members not to stop treatment despite all its discomforts as it is the last resort that stands between life and death Adherence Checking empty blister packs on every follow-up visits Provision of contact numbers of committee members to patients for reporting any issues including AEs Appointment for consultation by clinician to fix issues at the earliest for ensuring treatment adherence Arrangement of home visits if any patient was reported to be absent for periodic follow-up Provision of medicines at residence by DOT provider if patient is unable to collect from the center Treatment outcome Cure: At least two of the last three cultures at 12, 18, and 24 months (either all the three or the last two) were negative analyses. Cumulative survival was compared by using the Kaplan-Meier method with the log-rank test. P < 0.05 was considered statistically significant. All statistical analyses were performed using Epi Info software version 3.5.3 (Centre for Disease Control and Prevention; Atlanta; Georgia; USA).
Ethical clearance
The ethical committee of King George Medical University approved the present study.
RESULTS
Out of 132 patients, a total of 98 patients proved to be cases of MDR-TB by culture were enrolled for treatment. All the patients were categorized under re-treatment cases. Thirty-four patients were excluded from the study (non-MDR susceptibility -13, >1 month treatment of SLDs before diagnosis -8, migrated/not traced -3, unwillingness for treatment -2, major medical/psychiatric illnesses at baseline -6, and expiry before the initiation of treatment -2). All patients were HIV seronegative after testing. Of them, 68 (69.4%) were males and 30 (30.6%) were females. The mean age and weight were 29.3 ± 9.3 years and 42.9 ± 9.1 kg, respectively. The clinical and demographic profile of the patients is illustrated in Table 2 . Fifty-six of 98 (57.2%) patients were from areas in and around Lucknow, whereas 42/98 (42.8%) cases were referred from other districts as the DOTS-Plus program was not implemented in UP. The mean duration of total illness was 4.8 ± 3.6 years. Radiologically, 5 (5.1%) patients had unilateral disease, whereas 93 (94.9%) had bilateral disease. The average duration of anti-TB treatment received by the cohort as a whole prior to referral was 26 ± 12.3 months. The cohort was resistant to a mean of 3.17 ± 1.06 drugs. The intensive phase (IP) was extended to 9 months in 30 (30.6%) patients with proven culture positivity at the 4 th month. Mean smear and culture conversion time were 3.4 ± 2.1 months (1-11) and 4.6 ± 2.5 months (4-12), respectively. Sputum smear and culture conversion rates were 75/81 (92.5%) and 71/81 (87.7%), respectively, with only ten (10.2%) patients remained culture positive as shown in Table 3 . Seven patients were resistant to SLDs during the course of treatment among which four were either resistant to KM or OFX in addition to MDR-TB, while the remaining three met the revised WHO diagnosis of extensively drug-resistant (XDR)-TB. These patients were treated either with individualized or standardized regimens for XDR-TB (CAT V under the RNTCP). The clinical characteristics of patients showing unfavorable outcome after treatment with MDR-TB therapy are described in online Supplementary Table S1 . A wide range of AEs was observed during the treatment, some requiring discontinuation of the offending drug as shown in Tables 4 and 5 . Seventeen (17.4%) patients had major AE requiring drug substitution or permanent discontinuation of drugs. Seven (7.1%) patients required admission to hospital for the occurrence of AE. None of the patients had to discontinue their complete regimen permanently due to major AE. The offending drugs responsible for Table 6 . Patients were more likely to have poor outcomes if they were drug addicts (odds ratio [OR] 0.11; 95% CI: 0.01-0.77; P = 0.03), had a previous history of TB episodes >2 (OR 0.14; 95% CI: 0.11-0.39; P < 0.001), and had resistance to both KM and OFX (OR 0.15; 95% CI: 0.01-0.98; P = 0.05). All patients with successful outcome were observed for 1 year after completion of treatment with no relapse.
DISCUSSION
India constitutes a considerable burden of MDR-TB patients. National programs in developed countries with adequate laboratory facilities may monitor treatment outcome frequently with cultures without constraints. However, in a resource-poor country like India, performing frequent cultures is cumbersome, considering the long waiting period for the results, lack of skilled workforce, and poor quality control of laboratories both in the public and private sectors. A study reported major constraints influencing the outcome such as difficulty in arranging daily DOT for 2 years particularly at peripheral centers, ensuring compliance especially on Sunday and other holidays, lack of access to specialized laboratory facilities, and managing major AEs in field conditions. [5] Taking note of this huge discrepancy, the Chennai consensus was framed in order to overcome these limitations. [9] Meanwhile, laboratory services should be strengthened for adequate and timely diagnosis of MDR-TB, and DOTS-Plus should be scaled up as per the target set by the Global Plan to Stop TB 2011-2015. [12] The present study has reported successful treatment outcome in 71 (72.5%) and unsuccessful treatment outcomes in 27 (27.5%) patients (failure -10 [10.2%], treatment default -7 [7.1%], and death -10 [10.2%]). Several studies including systematic reviews and meta-analyses revealed variable results, with treatment success rate for MDR-TB patients worldwide ranging from 21% to 83% with considerable unsuccessful treatment outcomes ranging from 29% to 39% (failure or relapse: 6% to 7.6%, treatment default: 12% to 15%, and death: 11% to 13%). [3, [13] [14] [15] [16] [17] The treatment outcome remains variable even among different regions of India as shown in online Supplementary Table S3 . This may be attributed to heterogeneity in the demographic profile of cohorts, frequency of associated comorbid illnesses, settings, methodology, regimens, and definition of outcomes. The success rate was high in our cohort with lower default rate indicating that the modified DOTS-Plus strategy might be effective in improving success outcomes as emphasis was given on patient-centric care, timely management of AE related to SLDs, intense health education, counseling, and psychosocial support apart from reducing follow-up cultures.
In our study, the culture conversion rate was 87.7%, which was in accordance with previous studies reporting conversion rates ranging from 74% to 92%, [5, 6, [18] [19] [20] [21] [22] [23] [24] [25] [26] suggesting that adoption of the modified DOTS-Plus strategy might be a cost-effective strategy, particularly in high MDR-burden resource-limited setting like India. Reduction in culture examinations in the continuation phase can also help in diversion of available resources in further expansion of the existing program to cater to unmet populations.
Certain characteristics were responsible for poor treatment outcome in this study such as drug addiction, previous history of TB episodes >2, and resistance to KM as well as OFX, as reported in other studies. [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Many studies with diversity in demographic profile, setting, and methodology have reported other characteristics such as alcoholism, diabetes, extensive cavitary lesions, and HIV seropositivity with poor outcome, although not observed in our study due to limited sample size and no HIV seropositivity in our cohort.
Overall, 119 AEs were reported in 46 (46.9%) patients. The most commonly grouped AEs were gastrointestinal followed by ototoxicity and arthralgia as reported similarly in other studies. [28] [29] [30] [31] [32] [33] Major AEs were reported in 17.4% of patients, which is lower in comparison to other studies. [28] [29] [30] [31] [32] [33] Among major AEs, the most common was deafness induced by KM and psychosis by CS. This lower incidence may be attributed to the adopted methodology for active surveillance and systematic periodic follow-up.
A major issue of concern still remains that 21/132 (15.9%) patients were excluded from our study as 8 (6.1%) were exposed to SLDs >1 month and 13 (9.8%) showed non-MDR resistance patterns. These subset of patients could lead to amplification of drug resistance in households and community if left untreated. There could also be a high probability of either suboptimal treatment outcome with standardized regimen or baseline resistance to SLDs at initiation of treatment responsible for failure detected during the course of treatment. Appropriate individualized regimens based on DST pattern would be preferred for treating these subset of patients. Several studies from urban sector reported remarkable treatment success rate with individualized regimens ranging from 48.4% to 68%. [15, 22, 23, [25] [26] [27] A systematic review and meta-analysis reported that individualized regimens had better outcome (successful rate -67.2%; unsuccessful rate -30.8%) than standardized regimens (successful rate -56.9%; unsuccessful rate -43%) as prescribed under the DOTS-Plus programs. [15] However, treatment with individualized regimens remains challenging in resource-limited settings requiring support of quality-assured laboratory facilities and expertise in interpretation of results with prescription of appropriate regimens.
There is expanding evidence over the last decade regarding the management of MDR-TB patients under national PMDT program. Additional SLD's resistance even at baseline, created by irrational use of drugs especially in private sector, has significantly increased and has become a major issue. [17, [25] [26] [27] Majority of TB patients seek consultation from private sector, but the quality of care remains suboptimal with undernotification of cases, wide variations in knowledge, poor adherence to guidelines, and misuse of SLDs leading to increase in drug resistance. [34] [35] [36] [37] The introduction of genotypic diagnostic tests (GeneXpert, line probe assays) providing rapid diagnosis and individualized regimens fortified with newer drugs (bedaquiline and delamanid) has created revolution in the management of DR-TB patients. The recently released national PMDT guidelines focus on the active surveillance of disease and AE, re-classification of drugs, individualized regimens according to the most recent pattern of DST, patient-centric approach, universal DST, and engagement of private sector. [38] Current national guidelines primarily rely on culture reports for treatment regimen optimization, i.e., shift from IP to continuation phase (CP) and decision to define the outcome of treatment. Monitoring with follow-up cultures entails time, travel, and work loss costs for the patient and because culture result by the conventional method is not available before a lag period of approximately 6-8 weeks, there is a delay in decision-making by health-care professionals. [5] It is observed that culture conversion which reflects the viability of tubercle bacilli is more sensitive and is considered necessary to monitor progress in MDR-TB patients. There was no significant difference between smear conversion rate and culture conversion rate at 4 months (69.2% vs. 67.1%; 95% CI:-11.3 − 15.4; P = 0.76), 6 months (88.9% vs. 83.3%; 95% CI:-4.7 − 15.9; P = 0.28), and 12 months (93.1% vs. 89.7%; 95% CI:-5.4 − 12.4; P = 0.43). The trend of diagnostic accuracy of smear examination with reference to culture as gold standard during the course of treatment is described in online Supplementary Table S4 . This supports findings from a previous study showing the potential role of the smear conversion rate as a surrogate of culture conversion, especially in resource-limited high-burden countries like India as early decision regarding transition from IP to CP can be made resulting in reduction in cost of drugs to health system as well as patients, duration of hospitalization, and AEs related to drugs. [39] However, findings of smear examination need to be interpreted cautiously as it has less sensitivity than culture and does not differentiate between live and dead bacilli or other species such as atypical mycobacterial species leading to false positives. Reducing follow-up cultures might delay the confirmation of bacteriological conversion and could delay the diagnosis of possible treatment failure before conversion. [40] Therefore, these findings need to be confirmed with more studies involving larger number of samples. Our study has adopted modified DOTS strategy and reported satisfactory treatment outcome of MDR-TB patients at that point of time when the national DOTS-Plus program was in expansion phase and genotypic tests were to be included for diagnosis. However, the study was hospital based involving small number of patients. Further community-based studies are required to validate these findings.
CONCLUSION
There is no doubt that the current PMDT program has expanded its services throughout the nation and is rigorously providing every effort to manage more and more DR-TB cases effectively by scaling up laboratory facilities with genotypic tests and appropriate regimens including newer drugs. Despite this effort, an enormous burden of DR-TB cases in high-burden countries like India, especially in private sector, still remains uncovered. This can be considered to be a great hurdle in achieving the ambitious goal of elimination of TB by 2025. [41] The modified DOTS-Plus strategy adopted in our study can support national programs in the reduction of burden of DR-TB cases in resource-limited settings, especially in private sector. It should be made flexible as well as less stringent according to local needs but should be kept aligned to the existing national PMDT guidelines. A systematic approach is required for curbing down the epidemic of DR-TB cases by implementing cost-effective and sustainable interventions in the near future.
